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Abstract
Dietary assessment in older adults can be challenging. The Novel Assessment of Nutrition and Ageing (NANA) method is a touch-screen
computer-based food record that enables older adults to record their dietary intakes. The objective of the present study was to assess
the relative validity of the NANA method for dietary assessment in older adults. For this purpose, three studies were conducted in which a
total of ninety-four older adults (aged 65–89 years) used the NANA method of dietary assessment. On a separate occasion, participants
completed a 4 d estimated food diary. Blood and 24 h urine samples were also collected from seventy-six of the volunteers for the analysis
of biomarkers of nutrient intake. The results from all the three studies were combined, and nutrient intake data collected using the NANA
method were compared against the 4 d estimated food diary and biomarkers of nutrient intake. Bland–Altman analysis showed
a reasonable agreement between the dietary assessment methods for energy and macronutrient intake; however, there were small, but
significant, differences for energy and protein intake, reflecting the tendency for the NANA method to record marginally lower energy intakes.
Significant positive correlations were observed between urinary urea and dietary protein intake using both the NANA and the 4 d estimated
food diary methods, and between plasma ascorbic acid and dietary vitamin C intake using the NANA method. The results demonstrate the
feasibility of computer-based dietary assessment in older adults, and suggest that the NANA method is comparable to the 4 d estimated
food diary, and could be used as an alternative to the food diary for the short-term assessment of an individual’s dietary intake.
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Older adults bear the greatest burden of chronic disease in
the developed world, and diet is known to play a significant
role in the risk and progression of many chronic diseases
associated with ageing(1,2). Understanding of the complexities
of the dietary determinants of health and disease requires
accurate dietary intake assessment methods. There are a
number of challenges associated with accurate dietary assess-
ment in older adults(3–5); physical limitations may reduce
older adults’ ability and motivation to complete food diaries,
and cognitive decline may hinder retrospective methods of
dietary assessment. While nutritional screening tools(6,7) are
commonly developed with the older adult population in
mind, older adults are seldom considered in the development
of dietary assessment methodologies(8).
In recent years, there has been an increased drive
towards the application of information and communication
technologies (mobile phones, personal digital assistant
(PDA) and computers) in the development of novel dietary
assessment methods(9–11), typically using computer-assisted
24 h dietary recall-(12–16), diet history-(17–19) or FFQ-
based(20–23) approaches. These information and communi-
cation technology-based approaches offer great potential to
reduce the cost, improve the accuracy and reduce both
participant and researcher burden of dietary assessment(9,24).
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However, these technology-based methods have tended to
have been developed specifically for children(15,20–22,25) or
for the general adult population(13,14,16,23), and the particular
requirements of the older adult population have not been
specifically considered in their development. This may, in
part, reflect the belief that older adults are reticent to use
computers.
A number of studies have reported that older adults
encounter difficulties with using the methods designed
for the general adult population. For example, significantly
poorer agreement was found between a Web-based 24 h diet-
ary recall and the reference method in participants .60 years
compared with middle-aged adults (age 48–60 years)(26).
Older adults also reported more difficulty than younger
adults in using a touch-screen audio computer-assisted
self-interview for the assessment of diet, health and lifestyle
in a population of American Indians, and cited a desire for
more instructions(19). This evidence highlights the need for
computer-based dietary assessment methods that are more
appropriate for use with older adults.
The main aim of the Novel Assessment of Nutrition and
Ageing (NANA) study was to develop and validate a novel com-
puter-based food record method specifically for use with older
adults. We used touch-screen computer-based technology plus
a fixed webcam to develop a method for capturing dietary
intake in older adults (NANA), and describe here the relative
validity of the NANA method against a 4 d estimated food
diary and biochemical markers of nutrient intake.
Methods
Novel Assessment of Nutrition and Ageing method
NANA is a touch-screen computer-based dietary assessment
method that enables older adults to record and photograph
the food and drink they are consuming. The method is
based on a self-reported food record. The main differences
between the NANA method and a traditional food record is
the use of a computer to record dietary intake, the capture
of a food photograph in real time and the subsequent deter-
mination of portion size by the nutritionist rather than the
participant. The system described in the present study used
a 15·6-inch EeeTop touch-screen (Asus EeeTop, model
ET1610PT) computer and a Microsoftw LifeCam Cinemae
webcam (Fig. 1). Users entered their food and drink items
through a series of touch-screen button selections, which
allowed them to navigate from twelve high-level food
groups (Fig. 2), through a hierarchical food tree structure, to
the selection of an individual, detailed food or drink item.
The hierarchical food tree was composed of over 1200 food/
drink options. Each button showed a textual description of
the food item or category, along with a photograph to help
users recognise which button to choose. Immediately before
food consumption, users would enter each of their meal
items. The system would then prompt the users to photograph
their items by placing them within view of the system’s webcam
and pressing a button on the screen. The system’s webcam
was in a fixed location above the screen. Users could take as
many photographs as required to get all of their items
recorded. The system then prompted the users to have their
food/drink, and to return to the system after they had finished.
At this point, they were asked whether they had any leftovers,
and if so, they were asked to photograph the leftovers as well.
If a user ate outside of the home or forgot to record the items
at the time of consumption, they could still enter the items
after the fact, but instead of photographing the items, they
were prompted to verbally describe the portion sizes and
these descriptions were audio-recorded by the system.
Where the users could not find the food/drink item they
were looking for, an ‘item not found’ option allowed them
to audio-record a verbal description of the item.
The touch-screen computers (with the NANA software
installed) and webcam were provided and installed by the
researchers in the participants’ homes. For the majority of
the participants, the system was placed in the kitchen,
although some participants preferred to locate the system in
the dining area. Participants were given structured personal
training in the use of the system by one of the researchers
and were provided with a NANA reference manual and a help-
line telephone number. Participants in study 1 were visited
within 3 d of installation to check that they were happy with
how to use the system, and that there were no technical
glitches with either the software or the hardware. For the
majority of the participants, this visit was unnecessary, and
for subsequent studies, this home visit was only provided if
requested by the participant. Participants were instructed to
use the NANA method to record all food and drink items con-
sumed over varying durations (as detailed below). At the end
of the recording period, the system was uninstalled from the
participant’s home and the data were analysed. Food/drink
descriptions, food photographs and voice recordings were
used by the nutritionist to enter the dietary intake data into
WinDiets nutritional analysis software (version 2010; Robert
Gordon University). The assessment of food portion sizes
was based on pre-consumption images and any photographs
of leftover meal/drink items.
Study 1
For study 1, forty-four older adults (age 65–86 years) were
recruited from Sheffield, England, UK. Participants used
the NANA method to record their dietary intake for a
period of 3 weeks. A blood sample and 24 h urine were
collected during the second week of NANA data recording.
Overall, three 24 h multiple-pass dietary recalls were collected
over the duration of the study: the first 1 week before the
installation of the system; the second at the point
of the NANA installation; the third 1 week after the
NANA data recording period. Participants completed a 4 d
estimated food diary 4 weeks after the end of the NANA
data recording period.
The 24 h multiple-pass recall (MPR) is a method commonly
used with older adults(27), and so this was included in study 1
as a potential additional reference method against which the
validity of the NANA method could be considered. However,
the 24 h MPR recorded significantly higher nutrient intakes
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than the food diary, and only weak-to-moderate associations
were observed between nutrient intakes recorded by the
24 h MPR method and with both the 4 d estimated food
diary and the NANA method (data not shown), and, in
addition, no correlations were found between dietary intake
and the independent biomarkers of protein and vitamin C
intake. From this finding, the 24 h MPR was deemed to be a
poorer reference method under these circumstances than the
4 d estimated food diary, and it was not used in subsequent
studies. The reason for the poorer performance of the 24 h
MPR compared with the food diary is unknown, but warrants
further investigation in future studies.
Study 2
For study 2, nineteen older adults (age 68–86 years) were
recruited from the residents of a retirement community and
a neighbouring village in York, England, UK. The community
is composed of individual homes and central buildings, pro-
viding a range of facilities including coffee shop, restaurant,
hairdressers and care home. All the participants were living
independently in their own homes. Participants recorded
their dietary intake using the NANA method in their homes
for 10 d and were asked to complete a 4 d estimated food
diary 4 weeks after the NANA data recording period.
Study 3
For study 3, forty older adults (age 65–89 years), all living
independently, were recruited from Sheffield, England, UK
and St Andrews, Scotland, UK. Participants used the NANA
method for 7 d on three different occasions at intervals of
4 weeks. A blood sample and 24 h urine were collected after
the second NANA data recording period, and participants
were asked to complete a 4 d estimated food diary 3 weeks
after the third and the final NANA data recording period.
In addition to the assessment of diet, software and hardware
were added to the system to assess grip strength, self-reported
mood, exhaustion, physical activity and proxy measures of
cognitive status (to be reported elsewhere).
Fig. 1. Image of the Novel Assessment of Nutrition and Ageing (NANA) system.
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Minor modifications were made to the NANA dietary
software between studies 1 and 3 such as the linking of
foods commonly consumed together, and the addition of a
‘favourites’ facility to speed data entry. These changes did
not significantly alter the dietary software interface or the
user experience. In all the studies, participants were asked
to consume their usual diet throughout the duration of the
study. Participants were asked at the end of each study
whether they had changed their eating behaviour and whether
they had forgotten to record any items while using the
NANA method.
Ethical approval and consent
The present study was conducted according to the guidelines
laid down in the Declaration of Helsinki, and all procedures
involving human subjects/patients were approved by the
National Health Service (NHS) Fife and Forth Valley Research
Ethics Committee (Ref.: 08/S0501/104) (studies 1 and 3) and
the University of Sheffield Research Ethics Committee (Ref.:
SMBRER 188) (study 2). Research governance was obtained
from the Sheffield Health and Social Care, NHS Foundation
Trust (Ref.: ZK71). Written informed consent was obtained
from all the participants during a home visit at the start of
the study. Participants in studies 1 and 3 were given a £100
honorarium and those in study 2 a £50 honorarium to thank
them for their participation in the research.
Recruitment and inclusion and exclusion criteria
Participants were recruited using volunteer databases, posters
placed in community centres, advertisements placed in local
newspapers, through older adult groups such as the University
of the Third Age, and by word of mouth. Individuals who
expressed an interest in the trial were sent an information
sheet and were contacted by telephone by the researchers
to discuss the study in more detail and to arrange an initial
visit. Individuals were eligible for inclusion if they were
aged 65 years or above, living in the community and able to
provide informed consent. Individuals were excluded if they
were residents of care home facilities, unable to provide
informed consent, had a diagnosis of dementia or anticipated
a deviation from their habitual diet during the study period.
Dietary assessment
4 d estimated food diary. Participants were given a food
diary and asked to record all the food, drinks and supplements
consumed over a 4 d period (including one weekend day).
Participants were also given a food portion size booklet
containing photographs from the Ministry of Agriculture,
Food and Fisheries (MAFF) food atlas to aid the assessment
of food portion sizes(28). Participants were asked to use
the food photographs, household measures or weights as
they found appropriate. Participants were interviewed at
home by a researcher within 1 week of completion of the
food diary, and the information was checked for clarity and
completeness. Any anomalies or missing information was
gathered by the researcher with the aid of the MAFF photo-
graphic atlas of food portion sizes(28). Data from the 4 d
estimated food diary were analysed for macronutrient and
micronutrient content using WinDiets research software
(version 2010; Robert Gordon University).
Novel Assessment of Nutrition and Ageing method. A
custom software application, developed for use with the
NANA software, was used by the nutritionist to view the
photographs of the items consumed together with a textual
description of the item collected via the food tree selection,
and to listen to any audio recordings made. This software also
included a digital catalogue of portion size photographs(28) to
facilitate the assessment of portion sizes. The nutritionist
utilised all forms of data (photographs, textual description
and audio recordings) in order to enter the items consumed
into WinDiets research software.
Drinks
Fruit
Bread, cereal,
pasta, rice
Vegetables
Dairy Meat, poultry &
eggs
Fish and seafood Convenience,
sandwiches, fast
food
Desserts, cakes &
biscuits
Sweets & chocolate Savoury snacks,
crisps & nuts
Sauces, spreads,
condiments & other
Cancel this item
Fig. 2. Screenshot of the Novel Assessment of Nutrition and Ageing (NANA) software high-level food group options.
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Data from 4 d of dietary intake, including one weekend day,
collected using the NANA method were selected for the
analysis. For studies 1 and 3 in which the NANA method
was used over several weeks, the second data collection
period was used for the analysis. Thus, for all the three
studies, seven consecutive days of dietary intake data were
considered for dietary analysis. The selection of 4 d for dietary
analysis was largely determined by the need to include at
least one weekend day. Consecutive days were selected for
the analysis where possible; however, any day on which less
than four eating/drinking occasions had been recorded was
not used for the analysis. Days with gaps between eating/
drinking occasions of more than 5 h were also excluded
from the analysis. This was to exclude any days of inadequate
food recording or when food intake may have been signifi-
cantly reduced due to ill health. The exception to these
rules was when it was apparent that a lengthy period between
NANA entries reflected time spent outside the home, in which
case food selection and voice recordings were typically left
at the end of the day. Ultimately, the judgement of the
nutritionist was used to determine whether data entry for
any particular day was complete and appropriate for selection,
using number of meals, pattern of meal frequency and fluid
intake to aid decision-making.
Biological samples were collected from the participants
in studies 1 and 3 (as detailed below). Logistical limitations
prevented the collection of samples from the participants in
study 2.
Urine collection. Participants were instructed to collect
their urine for 24 h immediately before attending the clinic
for blood collection. Participants were provided with a plastic
jug to help them collect their urine and a brown plastic 2-litre
container to store their urine. Participants were instructed
to discard the first urine sample of the day and to collect all
subsequent urine produced for the next 24 h including the
first urine sample produced the following day. The 24 h
urine samples were collected in the clinic, mixed and the
volume measured before two 20 ml aliquots were taken and
stored at 2208C for subsequent analysis of urinary urea and
creatinine concentrations.
Blood collection. Venous blood samples (6 ml) were
collected into lithium heparin tubes from each volunteer
after an overnight fast. The samples were placed on ice and
processed within 1 h of collection. Erythrocytes and plasma
were separated by centrifugation. Plasma (50ml) was added
to 450ml of 5 % metaphosphoric acid to stabilise the plasma
sample before the analysis of vitamin C concentration.
Biochemical analysis. Plasma ascorbic acid concentration
was measured by a spectrophotometric method using the
COBAS BIO Autoanalyser (Roche products)(29). Urinary urea
and creatinine concentrations were determined at the
Department of Clinical Chemistry, Royal Hallamshire Hospital,
Sheffield, using a centrifugal analyser (Roche/Hitachi COBAS
c701 analyser). Urinary urea excretion was measured as an
indicator of protein intake. Urinary urea excretion is at a con-
stant proportion of total N excretion when an individual is
consuming a normal Western diet, and is in energy balance(30).
Statistical analysis
Statistical analysis was performed using SPSS (version 21,
2012; IBM Corporation). Levene’s test was used to assess
the homogeneity of the data across the three studies.
Kolmogorov–Smirnov tests were used to examine the distri-
bution of the data, and parametric or non-parametric tests
were used accordingly for subsequent analysis. Pearson’s
and Spearman’s correlation coefficients were used to examine
the relationship between the nutrient intake data estimated
using the NANA method and a 4 d estimated food diary.
Paired Student’s t tests and Wilcoxon matched-pairs signed-
rank test were used to test for differences in the data collected
using the NANA method and the 4 d estimated food diary.
Bland–Altman analysis(31) was used to assess the relationship
between the NANA method and the 4 d estimated food diary.
Results
The characteristics (sex, BMI, age and technology use) of the
participants in the three studies were broadly similar and
the variance of the data (age, BMI, energy and macronutrient
intake) was homogeneous, so the data from the three studies
were pooled. A total of 103 older adults were initially recruited
for the validation across the three studies; nine participants
were excluded from the analysis, leaving a total of ninety-
four participants. Of those initially recruited participants, two
withdrew from the study, both for personal reasons unrelated
to the study, and a further seven participants (6·8 %) were
excluded as they failed to fully utilise the NANA method
as instructed.
The demographic characteristics of the participants in each
of the three separate studies and for the pooled data are pre-
sented in Table 1. All the participants were British Caucasians.
The mean age of the participants was 73 (range 65–89) years.
Over 77 % of the participants reported one or more medical
conditions and reported the use of one or more prescribed
medicines. Over a quarter of the participants reported
having arthritis in their hands and/or having hearing pro-
blems. Nevertheless, few people experienced difficulties
with everyday living such as reading a newspaper or pre-
paring food, the exception being shopping for food that
was reported to be a problem for 15 % of the participants
(the reason for this was not explored). A broad range of
technology/computer skills were reported, with over 90 % of
all the participants having previously used a mobile phone
or microwave, 86 % having previously used a computer and
nearly 80 % having used the Internet.
Table 2 presents the mean daily energy and nutrient intakes
using the NANA method and the 4 h estimated food diary,
the correlation between the methods, the mean difference
between the two methods, the limits of agreement (2 SD),
and the significance of the mean difference between the
methods. There were highly significant correlations between
the two reporting methods for all the macronutrients under
study, ranging from a correlation of 0·879 for energy to
0·750 for protein. Significant, but weaker, correlations also
existed for all the micronutrients investigated, ranging from
C. M. Timon et al.658
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0·572 for Fe to 0·265 for vitamin B12. Differences between
nutrient intakes were small but significant for energy, protein,
alcohol, Fe, vitamins A, C, B6 and B12, and carotenoids. For all
of these nutrients, the NANA method recorded lower intakes
than the food diary, with intakes approximately 3 % lower
for energy and 5 % lower for protein.
The energy and macronutrient intake data were further
explored to assess the level of agreement between the
two methods using Bland–Altman analysis. Fig. 3 shows
the Bland–Altman plots of the difference between the
two recording methods for total daily intakes of energy
(Fig. 3(a)), protein (Fig. 3(b)), fat (Fig. 3(c)) and carbohydrate
(Fig. 3(d)). For energy intake, the mean difference between the
NANA and food diary methods was 2249 kJ/d (59 kcal/d) with
lower and upper limits of agreement (2 SD) of 21887 to
1389 kJ/d. Although the mean difference between the report-
ing methods for energy intake was small, it was significantly
different (P¼0·004). This illustrates the tendency for the
NANA method to record marginally lower energy intakes
than the food diary method. The mean difference for protein
intake was 23·68 g/d with lower and upper limits of agree-
ment of 226·04 to 18·68 g/d. Again, although the mean
difference between the two methods was small, it was signifi-
cantly different (P¼0·002). The mean difference between the
two methods for fat intake was small at approximately
20·882 g/d with limits of agreement of 224·2 to 22·4 g/d.
The mean difference for carbohydrate intake was also small
at 25·18 g/d with limits of agreement of 268·98 to 58·62 g/d.
There was no significant difference between the reporting
methods for fat and carbohydrate intakes. The Bland–
Altman plots for energy and macronutrient intakes illustrate
that there were very few outliers in the data, and most partici-
pants fell within the limits of agreement; there was also no
apparent proportional bias, illustrating that the differences in
intake between the two methods occurred at random across
the range of intakes.
Urinary urea excretion was measured in the urine samples
of the seventy-six participants in studies 1 and 3. Blood
samples were collected from seventy-four of these partici-
pants; however, eighteen participants were excluded from
the analysis of the relationship between plasma ascorbic
acid and dietary vitamin C intake as they reported consuming
either vitamin C or multivitamin supplements. Fig. 4 presents
the scatter plots of the relationship between reported dietary
intake and the independent biomarkers of nutrient intake.
There were significant positive correlations between urinary
urea and dietary protein intake recorded by both the NANA
method (r 0·466, P,0·0001; Fig. 4(a)) and the food diary
Table 1. Demographic characteristics of the participants
(Number of participants and percentages)
Study 1 Study 2 Study 3 All
Characteristics n % n % n % n %
Caucasian 40 100 18 100 36 100 94 100
Age (years)
Mean 72·0 75·9 71·8 72·7
Range 65–85 68–86 65–89 65–89
Sex
Female 23 57·5 15 83·3 22 61·1 60 63·8
Male 17 42·5 3 16·7 14 38·9 34 36·2
BMI (kg/m2)
Mean 26·4 25·8 27·9 26·9
Range 18·3–35·3 16·7–39·6 19·5–39·6 16·7–39·6
Medical history
Participants with $1 medical condition 32 80 13 72 28 77·8 73 77·7
Participants taking $1 prescribed medicine 30 75 14 73·6 29 80·6 73 77·7
Smoking status
Current smoker 2 5·0 1 5·6 2 5·6 5 5·3
Ex-smoker 15 37·5 6 33·3 7 19·4 28 29·8
Never smoker 23 57·5 11 61·1 27 75 61 64·9
Factors affecting everyday living
Participants who reported
Having arthritis in their hands 10 25 7 38·9 8 22·2 25 26·6
Hearing problems 10 25 5 27·8 9 25·0 24 25·5
Difficulty in reading a newspaper 0 0 0 0 1 2·8 1 1·1
Difficulty in preparing food 0 0 1 5·6 0 0 1 1·1
Difficulty in shopping for food 5 12·5 2 11·1 7 19·4 14 14·9
Technology usage
Participants who reported prior use of
A mobile phone 40 100 16 88·9 34 94·4 90 95·7
A digital camera 32 80 12 66·7 28 77·8 72 76·6
A microwave 39 97·5 16 88·9 33 91·7 88 93·6
Self-service supermarket checkouts 30 75 11 61·1 18 50 59 62·8
A computer 35 87·5 14 77·8 32 88·9 81 86·2
Participants who reported
Home Internet access 34 85 14 77·8 33 91·7 81 86·2
Being Internet users 34 85 12 66·7 29 80·6 75 79·8
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method (r 0·563, P,0·0001; Fig. 4(b)). There was also a
significant positive correlation between plasma ascorbic acid
and dietary vitamin C intake recorded by the NANA method
(r 0·294, P¼0·028; Fig. 4(c)), but not with the food diary
method (r 20·001, P¼0·996; Fig. 4(d)).
Discussion
There was generally good agreement between the NANA
method and the 4 d estimated food diary for energy and nutri-
ent intakes as shown by Bland–Altman analysis, and it is
proposed that the NANA method is an appropriate alternative
to the 4 d estimated food diary. When considering the validity
of a novel dietary reporting method, most researchers report
means and correlations and seldom consider agreement
using Bland–Altman analysis. The present study demonstrated
a good-to-moderate correlation between the NANA method
and the 4 d estimated food diary for total energy intake
(r 0·88), macronutrient intake (mean r 0·80) and micronutrient
intake (mean r 0·47). The correlation between the NANA
method and the reference method compares favourably with
the results from other validation studies of technology-assisted
dietary assessment(16,18,23,32). Despite a relatively good agree-
ment between the two methods as illustrated by Bland–
Altman analysis and highly significant correlations between
the methods, there were small but significantly lower mean
daily dietary intakes of energy (2249 kJ/d) and protein
(23·7 g/d) reported by the NANA method than by the food
diary, reflecting a degree of apparent systematic bias. There
were also significant differences for intakes of alcohol and a
number of micronutrients. There are several possible reasons
why significant differences between the two methods were
observed; the most important being that the data were
collected over two different recording periods. The studies
were designed in this way so that the test method of dietary
assessment was not influenced by the reference method(33).
Differences in the actual food consumed on the two occasions
will, therefore, lead to differences in nutrient intake; this
typically has the greatest impact on micronutrient intake as
is evident from the data. The NANA method was employed
first, and there may have been an effect of initial monitoring
that resulted in participants reducing their intake. Approxi-
mately one-third of the participants reported that they had
eaten less as a consequence of recording their intakes using
the NANA method, citing that they were more aware of their
consumption. The same question was not asked of the food
diary method, although under-reporting and altered food con-
sumption is commonplace with food records. Alternative
explanations for the lower intake recorded by the NANA
method are that participants using the NANA method may
have failed to enter all the food items or may not have pro-
vided sufficient detail of forgotten items and foods consumed
outside the home during audio recordings. A number of par-
ticipants reported that snacks and drinks were the foods that
they most commonly omitted from NANA recording and
could explain the apparent difference between the two
recording methods. It is also possible that the lower intake
reporting is a result of the researcher being more accurate
in the estimation of food portion sizes from photographs
collected from the NANA system than the participant’s own
estimation using a combination of portion-size reporting
methods with the food diary. It should also be remembered
that the reference method is also subject to errors and bias,
and differences may have arisen as a consequence of errors
in the 4 d estimated food diary(34).
Table 2. Daily energy and nutrient intakes recorded by older adults using the Novel Assessment of Nutrition and Ageing (NANA) method and the
4 d estimated food diary
(Mean values and standard deviations)
NANA Food diary
Correlation
coefficient (r)
Difference
Limits of
agreement† PNutrients Mean SD Mean SD Mean SD
Energy (kJ/d)‡ 7461 158·3 7709 176·7 0·879*** 2249 819 21887/1389 0·004
Protein (g/d)‡ 73·3 15·18 77·0 16·31 0·750*** 23·68 11·181 226·04/18·68 0·002
Fat (g/d)‡ 73 19·0 74 20·4 0·827*** 20·882 11·66 224·2/22·4 0·465
Saturated fat (g/d)‡ 27 8·6 27 8·8 0·752*** 0·180 6·134 212·08/12·44 0·776
Carbohydrate (g/d)‡ 205 53·4 211 55·7 0·830*** 25·18 31·90 268·98/58·62 0·119
NSP (g/d)‡ 13·9 4·68 13·5 4·27 0·768*** 0·355 3·08 25·80/6·51 0·266
Alcohol (g/d)§ 7·97 12·62 10·5 14·29 0·738*** 22·57 8·421 219·41/14·27 0·010
Ca (mg/d)‡ 868 264·7 907 268·2 0·560*** 239·0 249·9 2538·8/460·8 0·133
Fe (mg/d)‡ 11·3 3·18 12·0 3·37 0·572*** 20·764 3·037 27·50/5·98 0·017
Vitamin A (mg/d)§ 1032 875·6 1137 939·8 0·455*** 2105 1218·9 22332/2437 0·044
Riboflavin (mg/d)‡ 1·80 0·635 1·81 0·591 0·448*** 20·016 0·645 21·03/1·27 0·811
Vitamin B6 (mg/d)‡ 1·83 0·591 1·94 0·539 0·560*** 20·106 0·492 21·089/0·877 0·039
Vitamin B12 (mg/d)§ 4·94 3·42 5·84 4·16 0·265** 20·906 5·129 211·1/9·35 0·011
Folate (mg/d)‡ 268 108·6 286 109·4 0·367*** 218·4 122·67 2263·7/226·9 0·149
Vitamin C (mg/d)‡ 90·4 42·4 104 64·1 0·614*** 213·9 50·71 2115·3/87·5 0·009
Retinol (mg/d)§ 548 760·8 476·5 734·1 0·389*** 71·03 1077·8 22084/2226 0·264
Carotenoids (mg/d)‡ 2909 2023·5 4004 2902·4 0·435*** 21094 2721·4 26534/4348·9 0·000
**P¼0·01, ***P,0·001.
† Lower and upper limits of agreement (mean difference ^ 2 SD).
‡ Energy and nutrient intake data were examined by Pearson’s correlation coefficient and differences were estimated by paired Student’s t test.
§ Nutrient intake data were examined by Spearman’s correlation coefficient and differences were estimated by Wilcoxon matched-pairs signed-rank test.
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Independent biomarkers of dietary intake are currently lim-
ited in their scope, but those that are available have provided
an unbiased and objective method to validate dietary
intake(35). Here, we used urinary urea excretion and plasma
ascorbic acid as the independent biomarkers of protein and
vitamin C intakes, respectively. The significant correlations
between dietary protein intake and the independent bio-
marker of protein intake for both the food diary and the
NANA method suggest that both reporting methods are valid
and comparable in their assessment of dietary protein
intake. The strength of the correlation was comparable with
that reported in the literature for a single observation(36). A sig-
nificant correlation was also observed between plasma
ascorbic acid and dietary vitamin C intake as assessed using
the NANA method, but not with the food diary. This obser-
vation provides further confidence that NANA is an accurate
method of dietary assessment. The different timings of the
dietary recording methods in relation to the blood sample col-
lection may account for the lack of the association between
plasma ascorbic acid and dietary vitamin C intake as assessed
by the food diary method. The blood sample for ascorbic
acid analysis was taken within a week of the NANA data
recording period, but more than a month before the food
diary was recorded.
The vast majority of the participants complied well with
all the aspects of the studies; however, a small minority
(6·8 %) of the older adults recruited to the studies failed to
use the NANA system as instructed and were excluded from
the analysis. In all instances, this was reflected in a lack of
recordings on the NANA system. This small failure rate is
likely to be due to a combination of factors, including study
fatigue associated with the long recording period (3 weeks)
in study 1, failure to adequately record foods consumed out-
side the home, and for one individual an apparent failure to
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Fig. 3. Bland–Altman plots of the difference between intakes recorded by the Novel Assessment of Nutrition and Ageing (NANA) method and that recorded by
the 4 d estimated food diary against the mean intakes for the two reporting methods for energy (a), protein (b), fat (c) and carbohydrate (d). Mean difference (—)
and limits of agreement (2 SD) (- - -) for nutrient intakes were, respectively, as follows: energy 2249 kJ/d, 21887/1389 kJ/d; protein 23·68 g/d, 226·04/18·68 g/d;
fat 20·882 g/d, 224·2/22·4 g/d; carbohydrate 25·18 g/d, 268·98/58·62 g/d.
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understand the instructions given. This proportion of
withdrawals and exclusions is comparable with that reported
in other studies(23,37) and does not detract from the evidence
that the NANA method was acceptable to the majority of
the participants.
The present study demonstrates the feasibility of using a
self-administered computer-based dietary assessment method
with older adults. It is important to acknowledge that the
majority of the participants recruited to the trial appeared to
be comfortable with a variety of technologies, including a
higher than anticipated use of the Internet. However, com-
puter and Internet usage is known to be increasing in the
older adult population(38) and computer-based dietary assess-
ment is likely to become an increasingly viable option for
this age group as the computer-literate population continues
to age. It is important to note that the small proportion of
the population used in the present study, who had never
previously used a computer, was able to use the touch-
screen computer. This may be a reflection of the thorough
one-to-one training given to each participant at the installation
of the NANA system.
A particular strength of the present study is that the NANA
method was validated in the real world rather than in an arti-
ficial laboratory environment. The present study demonstrates
that older adult participants were willing to use the NANA
method for periods ranging from 1 to 3 weeks, suggesting
that the method is amenable to repeated measures, and
for longitudinal assessment. Anecdotally, many participants
reported the ease at which they were able to incorporate
the use of the NANA method into their everyday life. We
believe that the success of the NANA adoption by the parti-
cipants was in a large part due to the initial user-centred
development of NANA and the iterative input of older adults
into the design of the software. We acknowledge that, as
with most research studies, the participants in the study
were generally interested in research and were well moti-
vated, and may not be representative of the more general
older adult population.
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The main advantage of the NANA method over most
traditional methods of dietary assessment is that capture of
dietary intake information is, in the main, done when food
and drink is about to be consumed and is coupled with a
photographic record of the food. Portion size assessment,
thus, moves from the participant to the researcher, reducing
the need for lengthy and burdensome participant interviews
and potentially improving the accuracy of portion size assess-
ment. This approach is particularly advantageous for older
adults who encounter difficulties with retrospective methods
of dietary assessment(3). A further advantage of the NANA
method is that data collection is self-administered and is
independent of an interviewer, thus reducing the possible
impact of interviewer bias.
Older adults represent a hugely heterogeneous population
with an age range that spans approximately 40 years and
with a range of functional abilities. A limitation of the study
is that the average age of the participants was 73 years.
Only six of the participants were over the age of 80 years,
with only two over the age of 85 years. From such a small
sample, it is not possible to conclude that NANA would be a
suitable method for dietary assessment in the oldest age cate-
gory of individuals who are most likely to encounter physical
and cognitive frailty, although the results are promising.
There are several developments that could be made to
increase the potential application and ease of NANA use.
First, in its current format, the NANA software provides a
description and a photograph of the food consumed, and
the nutritional analysis of this information remains the respon-
sibility of the researcher. A future development of this method
would be automated dietary assessment in which nutrient
composition data would be automatically assigned to foods
upon selection, thereby circumventing the need for inde-
pendent nutrient analysis software. Such an approach would
significantly streamline the data collection and analysis pro-
cess; however, as with most automated dietary assessment
methods, the principal challenge would be the accurate
assessment of food portion size. Automated estimation of
food portion size from digital images is currently being devel-
oped and may provide a viable option in the future(11).
Second, the NANA method was developed and validated
with and for the community-living UK Caucasian older adult
population. The range of food items available for the user to
select reflects the range of foods commonly consumed by
this population. It is anticipated that the hierarchical food
tree would require expansion to allow the capture of dietary
information from ethnic minorities or from populations
living outside of the UK. Similarly, the food tree would need
to be adapted if the NANA method of dietary assessment
were to be applied to younger age groups or to older adults
living in institutions. Finally, a current limitation of the
NANA method is the necessity to provide the touch-screen
computer hardware to the users, which could have significant
cost and logistical implications for larger studies. Tablet
computers offer a viable alternative, and we are currently
exploring the feasibility of using them for dietary assessment
in older adults. Since the cost of tablet computers is dropping
rapidly, this approach may offer a cost-effective alternative
to existing methods of dietary assessment in the near future,
and as the adoption of touch-screen tablet computers by the
general population increases, the need for researchers to
supply the hardware is likely to decrease. The application of
the NANA method to a lightweight, portable tablet computer
also has an additional advantage in that it could enable the
direct recording of food eaten outside of the home, which
could further improve the accuracy of the NANA method.
Conclusion
In the present study, we have assessed the relative validity of
the NANA method for the assessment of dietary intake in older
adults. The NANA method compares well with the 4 d esti-
mated food diary and offers a potential alternative to the
food diary for the estimation of dietary intake in community-
living older adults. There is scope for further development
and improvement of the method including automated dietary
assessment and the transfer of the software to tablet compu-
ters that would facilitate larger-scale population-based studies.
We are also currently exploring the feasibility of using the
NANA method to assess the dietary intake of nursing home
residents where carers will be asked to interact with the soft-
ware on behalf of the residents. Most importantly, we have
demonstrated the feasibility of the self-administered compu-
ter-based dietary assessment method in older adults, and
hope that this will encourage other researchers to adopt
similar approaches in the future.
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